A bacterium, designated strain MME-018 T , was isolated from a tidal flat of the Muui-do in the Republic of Korea and identified within the family Rhodobacteraceae. The 16S rRNA gene sequence of the isolate showed the highest similarity to that of Nioella sediminis JS7-11 T (98.9 %), followed by Nioella nitratireducens SSW136 T (97.1 %). In phylogenetic analyses, these taxa formed a clade at neighbour-joining, maximum-likelihood, and maximum-parsimony algorithms, in which it was separated from other genus belonging to the family Rhodobacteraceae. Ubiquinone-10 (Q-10) was the major respiratory quinone. Major polar lipids included phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, two unidentified phospholipids, and an unidentified lipid. Major fatty acids were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) C 16 : 0 , cyclo C 19 : 0 !8c, and 11-methyl C 18 : 1 !7c. Genomic DNA G+C content was 61 mol%. Cells were Gram-stain negative, non-motile, aerobic, and rod-shaped. This strain grew in 1--4 % (w/v) NaCl, at 4-40 C and pH 6.0--8.0, with optimal growth in 2 % (w/v) NaCl, at 25--30 C and pH 7.0. DNA-DNA hybridization values between strain MME-018 T and Nioella sediminis KCTC 42144 T and Nioella nitratireducens KCTC 32417 T were 17±3 and 13±1 %, respectively. On the basis of polyphasic taxonomic analysis, strain MME-018 T is proposed to represent a novel species of the genus Nioella, for which the name Nioella aestuarii sp. nov. The type strain of Nioella aestuarii is MME-018 T (=KCCM 43135 T =JCM 30752 T )
The Roseobacter clade within the family Rhodobacteraceae is known to originate from marine ecosystems. Most members of this family have been isolated from saline or hypersaline environments [1, 2] . Among them, some species are moderately halophilic or halotolerant, requiring sodium ions for growth [3, 4] . The genus Nioella that belongs to the Roseobacter clade was first proposed by Rajasabapathy et al. [5] with the description of one species, Nioella nitratireducens. Recently, Nioella sediminis has been isolated from the surface sediment of the Jinulong River and emended to the genus Nioella [6] . Features of this genus are known to be Gram-stain negative, aerobic, non-spore forming, and rod shaped bacterium that requires sodium ions for growth [5, 6] . From a tidal flat of the Muui-do in Republic of Korea, we isolated a bacterium that has similar characteristics with the members of the genus Nioella requiring sodium ions for growth. In this study, we investigated the taxonomic position of this strain, designated MME-018 T , using a polyphasic approach.
Sample was collected from a tidal flat of the Muui-do near Incheon in the Republic of Korea, (37 24¢ 17 † N 126 24¢ 49 † E) in September of 2014. The sample was serially diluted with 3 % (w/v) NaCl. An aliquot (200 µl) of the diluted solution was spread onto the natural seawater agarose medium that contained 0.5 g yeast extract, 1.5 % (w/v) agarose, 1 ml of trace element solution SL-6 (DSM medium no. 27), and 1 ml of vitamin solution [7] per 1 l of natural seawater. The plates were incubated at 30 C for 2 weeks. Colonies were streaked onto the same medium at least three times to obtain single and pure colonies. The pure colony designated MME-018 T was transferred onto marine agar 2216 (BD; MA) and routinely cultivated on MA at 30 C.
To amplify the 16S rRNA gene sequence of strain MME-018 T , its genomic DNA was extracted by using G-spin Total DNA Extraction Kit (iNtRON Biotechnology) and QuickGene DNA tissue kit S (Kurabo) according to the manufacturer's instructions. The extracted genomic DNA was PCR amplified using the universal primers 27F and 1492R [8] . The PCR products were then sequenced by CosmogeneTech Co. Ltd. using the bacterial primers 27F, 337F, 518R, 785F and 1492R [9] . These sequences were assembled using the SeqMan software (DNAStar) according to the methods of Roh et al. [10] . To find closely related taxa, the 16S rRNA gene sequence of strain MME-018 T was aligned by using SILVA (http://www.arb-silva.de/aligner) [11] . To analyze a phylogenetic tree, based on the 16S rRNA gene sequence, the nearest phylogenetic neighbours of the isolated strain were identified using the BLAST (http://www.ncbi.nlm.nih. gov/blast/) and the EzBioCloud database (http://www.ezbiocloud.net/) [12] . The sequences of related taxa were acquired from the same websites. The Kimura two-parameter model [13] was used to calculate evolutionary distances between the isolated strain and reference taxa. The phylogenetic tree of the 16S rRNA gene sequences of the strain MME-018 T and related taxa was constructed using MEGA 6 program [14] and three algorithms, neighbour-joining [15] , maximum-likelihood [16] , and maximum-parsimony [17] . In this study, the bootstrap values were calculated based on 1000 random replications. The 16S rRNA gene sequence of strain MME-018
T was determined to be 1392 bp in length. Levels of 16S rRNA gene sequence similarity between the strain MME-018
T and others were as follows: Nioella sediminis JS7-11 T (98.9 %), Nioella nitratireducens SSW136 T (97.1 %), Aestuariivita atlantica 22II-SI1-z3 T (95.8 %), Marivita geojedonensis DPG-138 T (95.7 %), and Roseovarius aestuarii SMK-122 T (95.5 %). In the construction of phylogenetic trees, the strain MME-018
T clustered with the members of the genus Nioella which includes Nioella sediminis JS7-11
T and Nioella nitratireducens SSW136 T (Fig. 1 ). This is suggested that strain MME-018 T belongs to the genus Nioella.
To further characterize and compare the isolated strain MME-018 T and the reference strains, Nioella sediminis KCTC 42144
T and Nioella nitratireducens KCTC 32417 T , were purchased from Korean Collection for Type Cultures (Korea). The isolate and both references were routinely cultivated on MA at 30 C. The respiratory quinones were extracted using chloroform/methanol (2 : 1, v/v) [18] and identified using an HPLC system (YL9100; Younglin). The polar lipids were isolated and examined by two-dimensional TLC using the method of Minnikin et al. [19] . The lipid spots were sprayed according to the protocols described by Minnikin et al. [19] and Komagata and Suzuki [20] . The isolated strains MME-018 T , Nioella sediminis KCTC 42144 T and Nioella nitratireducens KCTC 32417 T were cultivated on MA at 30 C for 3 days to compare the compositions of cellular fatty acid. The cells were harvested and freeze-dried. The cellular fatty acids were saponified, methylated, and extracted as described by Sasser [21] . The extracted cellular fatty acids were analysed according to Miller [22] using an Agilent 6890 gas chromatography system and a cross-linked methyl siloxane column (HP-1; A30 mÂ0.320 mmÂ 0.25 µm). Analysis of the cellular fatty acids was determined by using the Sherlock MIS Software ver. 6.2, based on the TSBA6 database [21] . The genomic DNA G+C content was determined by using a reverse-phase HPLC [23] .
The respiratory quinone of strain MME-018
T was ubiquinone-10 (Q-10), which was related to the family Rhodobacteraceae. In this study, the major common polar lipids of the isolated strain MME-018 T and the related taxa Nioella sediminis KCTC 42144 T and Nioella nitratireducens KCTC 32417 T were phosphatidylglycerol (PG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), two unidentified phospholipids, and an unidentified lipid (Fig. S1 , available in the online version of this article). Although two unidentified aminolipids had been slightly detected from Nioella nitratireducens SSW136
T [5] , they were not detected along with strain MME-018 T in the current study. The predominant (>5 %) cellular fatty acids of strain MME-018
T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 16 : 0 , cyclo C 19 : 0 !8c, and 11-methyl C 18 : 1 !7c. The cellular fatty acid composition was similar to that of the related taxa Nioella sediminis KCTC 42144
T and Nioella nitratireducens KCTC 32417 T ( Table 1 ). The genomic DNA G+C content of the isolated strain was 61.5 mol%.
To investigate the morphological, physiological and phenotypic properties, the strains MME-018 T , Nioella sediminis KCTC 42144
T and Nioella nitratireducens KCTC 32417 T were routinely cultivated on MA at 30 C, but conditions were changed slightly to fit the experimental needs. Cell motility was determined as described by Tittsler and Sandholzer [24] using semi-solid agar medium (containing 0.3 % agarose). To observe the flagella and the cell morphology, microscopic test was performed using phase contrast microscopy (Primo Star; Carl Zeiss) and transmission electron microscopy (JEM-1010; JEOL). Gram staining was carried out using Gram staining kit (Bioworld), according to the manufacturer's instructions. Catalase-and oxidase-tests were performed according to the procedures previously described by Kovacs [25] and Smibert and Krieg [26] . Growth at temperature ranges of 0, 5, 10, 15, 20, 25, 30, 37, 40, 45 , and 50 C was assessed on MA for 4 weeks. The NaCl concentration for growth of the strain MME-018 T was investigated on artificial seawater (ASW) agar medium [27] of which the range of NaCl concentrations was 0--10 % (w/v) with 1 % increments. The pH for growth was investigated at pH 5.0--11.0 with 1.0 pH unit increment by using 10 mM MES (pH 5.0 and 6.0), 10 mM bis-Tris propane (pH 7.0--9.0), or 10 mM CAPS (pH 10.0 and 11.0). Anaerobic growth was determined by incubation on MA with 10 mM nitrate, 10 mM FeCl 3 , and 10 mM thiosulfate as electron acceptors in a GasPak EZ anaerobic gas-generating pouch system with indicator (BD) at 30 C for 4 weeks. Starch and casein hydrolysis were tested as per the methods provided by Benson [28] , while hydrolysis of Tween 20, 40, and 80 was determined as described by Gonz ales et al. [29] . Gelatin and L-tyrosine hydrolysis were evaluated according to the methods of Smibert and Krieg [26] . Substrate utilization was assessed using the modified MA according to methods previously described by Park et al. [30] The enzyme activities of strain MME-018 T were determined using the API 20NE and API ZYM strips.
After 3 days on MA at 30 C, colonies of strain MME-018 T were circular, smooth, convex, white in colour, and 0.5--1.0 mm in diameter. These isolates were Gram-negative and rod-shaped bacteria 0.5--0.8 µm wide and 1.6--2.0 µm long (Fig. S2) . The flagella were not observed. Catalase-and oxidase-reactions were positive. Strain MME-018 T grew in the presence of 1--4 % (w/v) NaCl at 4--40 C and pH 6.0--8.0, and grew optimally in the presence of 2 % (w/v) NaCl, at 25--30 C and pH 7.0. Strain MME-018 T required sodium ions for growth, which is consistent with Nioella nitratireducens KCTC 32417
T [5] . Anaerobic growth was not observed. Hydrolysis of starch, casein, L-tyrosine, gelatin, and Tween 20, 40, and 80 was not detected in this study. Nitrate was aerobically reduced to nitrite, but reduction of nitrite to nitrogen was not observed. In the API 20NE, arginine dihydrolyase and b-galactosidase were positive, whereas indole production, glucose fermentation, and activities of urease, b-glucosidase (aesculin), and protease (gelatin) were negative. In API ZYM tests, activities of alkaline phosphatase, esterase (C 4 ), esterase lipase (C 8 ), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, and b-galactosidase were positive. Other characteristics are provided in Table 2 along with the species description.
To investigate the requirement of cationic ions for the growth of strain MME-018 T , each of 0.2 % (w/v) CaCl 2 . 2H 2 O, 0.05 % (w/v) KCl and 0.6 % (w/v) MgCl 2 . 6H 2 O was added to modified ASW containing 5 g yeast extract, 1 g peptone, 25 g NaCl and 0.01 g FePO 4 per litre of distilled water as described by Seo et al. [32] , followed by the
Pseudooceanicola marinus AZO-C T (DQ822569)
Pseudooceanicola antarcticus Ar-45 T (JX844452)
Pseudooceanicola batsensis HTCC2597 T (AAMO01000005)

Oceanicola granulosus HTCC2516 T (AY424896)
Aliiroseovarius zhejiangensis JB3 T (KP261821)
Jannaschia aquimarina GSW-M26 T (JYFE01000050)
Jannaschia seosinensis CL-SP26 T (AY906862)
Jannaschia rubra CECT 5088 T (CXPG01000014)
Pseudohalocynthiibacter aestuariivivens W9 T (KM882610)
Nioella sediminis JS7-11 T (MNBL01000191)
Nioella aestuarii MME-018 T (KP410676)
Nioella nitratireducens SSW136 T (MNBW01000043)
Pseudoruegeria lutimaris HD-43 T (FJ374173)
Pseudoruegeria aestuarii MME-001 T (KP410678)
Pseudoruegeria aquimaris SW-255 T (DQ675021)
Ruegeria lacuscaerulensis ITI-1157 T (U77644)
Roseovarius albus 4SM10 T (HF546052)
Aestuariivita boseongensis BS-B2 T (JXYH01000050)
Aestuariivita atlantica 22II-S11-z3 T (AQQZ01000002)
'Marivita byusanensis' SMK-114 (FJ467624) To test antibiotic susceptibility, strain MME-018 T was inoculated onto MA plates containing discs with the following antibiotics (µg ml À1 unless indicated): ampicillin (10), carbenicillin (100), cephalothin (30) , ciprofloxacin (10), erythromycin (25) , gentamicin (30) , kanamycin (30) , lincomycin (15) , neomycin (30) , norfloxacin (20) , novobiocin (10), penicillin G (20 UI), polymyxin B (100 UI), streptomycin (50) and tetracycline (30) . Strain MME-018
Marivita litorea CL-JM1 T (EU512918)
Marivita cryptomonadis CL-SK44 T (EU512919)
Marivita hallyeonensis DPG-28 T (JF260872)
Marivita geojedonensis DPG-138 T (JN885198)
Thioclava pacifica DSM 10166 T (AUND01000024)
Actibacterium mucosum KCTC 23349 T (JFKE01000018)
Actibacterium ureilyticum LS-811 T (KP162062)
T was resistant to gentamicin, but susceptible to other antibiotics.
DNA-DNA hybridization (DDH) was conducted fluorometrically by the membrane filter method using a DIG High Prime DNA Labelling and Detection Starter kit II (Roche Applied Science) to identify the genetic relationship of strain MME-018 T and reference strains, Nioella sediminis KCTC 42144
T and Nioella nitratireducens KCTC 32417 T [33, 34] . The DDH values of strain MME-018 T with Nioella sediminis KCTC 42144 T and Nioella nitratireducens KCTC 32417 T were 17±3 and 13±1 %, respectively. According to current prokaryotic systematics defining DDH values of <70 % as indicative of a distinct species [35, 36] , the determined DDH values indicated that the strain MME-018 T were distinguished from Nioella sediminis KCTC 42144 T and Nioella nitratireducens KCTC 32417
T .
The results of phenotypic, genotypic, and chemotaxonomic analyses revealed that the strain MME-018 T shares common taxonomic properties with the members of the genus T . All data were obtained from this study, Liu et al. [6] and Rajasabapathy et al. [5] . +, positive; À, negative. All strains are Gram-stain negative, non-motile, aerobic, and rod-shaped. 
Genomic DNA G+C content (mol%) 61.5 63.4 63.5
*Data from this study.
Nioella. According to our phylogenetic analysis, the strain MME-018 T was the most closely related to Nioella sediminis, but some aspects of the polyphasic taxonomic properties of strain MME-018 T were different from those of the reference species. Therefore, strain MME-018
T is considered to represent a novel species of the genus Nioella, for which the name Nioella aestuarii sp. nov. is proposed. 
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